The effect of methylglyoxal bis(guanylhydrazone), a substanee known to inhibit putrescine-dependent S-adenosyl-L-methionine decarboxylase, on polyamine metabolism in liver and kidney was investigated. Almost complete inhibition of the incorporation of putrescine into spermidine was obtained up to 8h after administration of 80mg of methylglyoxal bis(guanylhydrazone)/kg body wt. by intraperitoneal injection. However, by 20h after administration of the inhibitor spermidine synthesis was resumed. Considerable accumulation of putrescine occurred during this period (up to 3 times control concentrations in both tissues), but there was only a slight fall in the spermidine content. These results suggest that the putrescine-activated S-adenosyl-L-methionine decarboxylase plays an essential role in spermidine biosynthesis in rat liver and kidney, and the possibility of using methylglyoxal bis(guanylhydrazone) to study the role of polyamine synthesis in growth is discussed.
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The effect of methylglyoxal bis(guanylhydrazone), a substanee known to inhibit putrescine-dependent S-adenosyl-L-methionine decarboxylase, on polyamine metabolism in liver and kidney was investigated. Almost complete inhibition of the incorporation of putrescine into spermidine was obtained up to 8h after administration of 80mg of methylglyoxal bis(guanylhydrazone)/kg body wt. by intraperitoneal injection. However, by 20h after administration of the inhibitor spermidine synthesis was resumed. Considerable accumulation of putrescine occurred during this period (up to 3 times control concentrations in both tissues), but there was only a slight fall in the spermidine content. These results suggest that the putrescine-activated S-adenosyl-L-methionine decarboxylase plays an essential role in spermidine biosynthesis in rat liver and kidney, and the possibility of using methylglyoxal bis(guanylhydrazone) to study the role of polyamine synthesis in growth is discussed. (Dykstra & Herbst, 1965; Raina et al., 1966; Janne, 1967) , hormonal induction (Kostyo, 1966; Janne, 1967; Moulton & Leonard, 1969; Pegg et al., 1970) and developmental growth (Raina, 1963; Caldarera et al., 1965; Barros & Guidice, 1968; Russell, 1970) . Polyamines may be an essential part of the ribosome complex and have been shown in vitro to stimulate protein synthesis, aminoacyl-tRNA synthetases, RNA polymerase and tRNA methylases (Tabor & Tabor, 1964; Stevens, 1970; Bachrach, 1970; Takeda & Igarashi, 1969; Leboy, 1970; Pegg, 1971 (Pegg & Williams-Ashman, 1969; Pegg, 1970; Janne & Williams-Ashman, 1971 Raina (1963) , separated by highvoltage electrophoresis (40V/cm) in 0.1 M-sodium citrate buffer, pH4.1, for 90min and measured as previously described (Peggetal., 1970) . Incorporation of labelled putrescine into spermidine and spermine was determined after the intraperitoneal injection of 0.01 mCi of [1,4-14C2]putrescine (17.8mCi/mmol) dissolved in 0.2ml of 0.14M-NaCl 4h before death. Radioactivity present in each polyamine fraction was determined as described by Russell et al. (1970) Tissue samples were homogenized in 2.5 vol. of 0.01 M-potassium phosphate-0.1 mM-EDTA-1 mM-2-mercaptoethanol, pH7.0 at 4°C, and centrifuged at 40000g for 1 h and the supematant fraction was used for the assay of putrescine-dependent S-adenosyl-Lmethionine decarboxylase as described by Pegg & Williams-Ashman (1969) . The assay medium contained 100lmol of potassium phosphate buffer, pH 7.0, 2,umol of putrescine, 0.2,umol of S-adenosyl-L-[carboxy-14C]methionine (6.95 d.p.m./pmol) and up to 0.8ml of the tissue extract containing up to 15mg of protein. Results were expressed as nmol of 14C02 released/mg of protein in a 30min incubation at 37°C.
Results and Discussion
The greatest amount of methylglyoxal bis(guanylhydrazone) that could be administered as a single dose to the rats used in this study, without leading to death within 24h, was 80mg/kg body wt., which is in good agreement with other published values (Mihich, 1963) . None of the rats used in the experiments was killed by this dose of the inhibitor, but all rats given 120mg/kg body wt. died within 5h. At 30min after the administration of 80mg/kg body wt. of methylglyoxal bis(guanylhydrazone), the activity of kidney putrescine-dependent S-adenosyl-L-methionine decarboxylase measured in vitro was less than 5 % of that ofcontrol rats, and remained at this value for a further 6h (Fig. 1) . It then increased gradually, reaching 50 % of the control value 12h after the administration of the inhibitor, and was slightly greater than control values (115 %) by 20h. In these experiments the final assay conditions represented a 4-fold dilution of the kidney tissue, and the inhibition of S-adenosyl-Lmethionine decarboxylase in vivo may therefore be greater than that obtained in vitro.
As shown in Fig. 2 , methylglyoxal bis(guanylhydrazone) was a very potent inhibitor when added directly to the assay medium for kidney S-adenosyl-L-methionine decarboxylase, producing 50 % inhibition of the release of CO2 when present at a concentration of 0.25 pM. This result confirms the report of Williams-Ashman & Schenone (1972) , but the amount of inhibitor required to produce 50% inhibition of the kidney enzyme activity was significantly less than 1.25,UM, which was needed to produce 50 % inhibition of the activity ofprostatic S-adenosyl-L-methionine decarboxylase in their experiments. It is therefore apparent that methylglyoxal bis(guanylhydrazone) is fairly rapidly removed from the kidney either by excretion or by metabolism, although the possibility that increased synthesis of the enzyme also takes place and contributes to the rise in activity between 6 and 20h after the inhibitor was given (Fig.  1 ) cannot be ruled out. Table 1 shows the effect of administration of methylglyoxal bis(guanylhydrazone) (80mg/kg body wt.) on the polyamine content of liver and kidney and also shows the radioactivity present in each of the (Janne et al., 1964; Jiinne, 1967; Russell et al., 1970) . In rats killed 8h after receiving the inhibitor, incorporation oflabelled putrescine into spermidine was inhibited by more than 90 % in both liver and kidney. There was also a significant increase in the putrescine content of these tissues, but no significant fall in that of spermidine. These results provide good evidence that methylglyoxal bis(guanylhydrazone) does enter the cell and prevents spermidine synthesis at a step after the formation of putrescine. Rats killed 20h after receiving the inhibitor showed a clear increase in the tissue putrescine content, which was increased 3-fold in liver and 2-3-fold in kidney, but there was only a slight fall in spermidine content. The incorporation of labelled putrescine into spermidine during the Release of CO2 from S-adenosyl-L-methionine catalysed by kidney extracts from untreated rats was determined as described in the text, with the addition of the concentration of methylglyoxal bis(guanylhydrazone) shown.
period from 16 to 20h after treatment with the inhibitor showed that spermidine synthesis from putrescine had been resumed in both tissues. If the specific radioactivity of the putrescine precursor is taken into account there was still some inhibition of spermidine synthesis in liver, but in kidney the incorporation of putrescine into spermidine was actually greater than in control animals. This enhancement ofspermidine synthesis could be due to the increased putrescine concentration in the kidney, since the normal concentration of putrescine may not be sufficient to provide a maximal rate of reaction of either the spermidine synthetase or the S-adenosyl-Lmethionine decarboxylase, which is activated by putrescine (Pegg & Williams-Ashman, 1969; Pegg, 1970) . It is clear that the inhibitory effect of the dose of methylglyoxal bis(guanylhydrazone) utilized in these experiments on the synthesis of spermidine persisted for less than 20h and that this period is not sufficient to produce a large decrease in the tissue spermidine content. A major decrease in spermidine concentration would not be expected to occur within 20h Vol. 132 even after the complete inhibition of spermidine formation, since the published value for the half-life of spermidine in liver is 4 days . Since the dose of inhibitor used in these experiments was the maximum that could be tolerated by the rats as a single dose within a 24h period, it is unlikely that methylglyoxal bis(guanylhydrazone) can be used in the intact animal to obtain information on the role of spermidine in normal tissues. It may be possible to administer repeated smaller doses, which could still prevent spermidine synthesis over a longer period of time, or to use the inhibitor to study the function of the increased synthesis of spermidine that occurs rapidly after stimuli such as partial hepatectomy (Dykstra & Herbst, 1965; Raina et al., 1966; Janne, 1967) , but studies of the effects of methylglyoxal bis(guanylhydrazone) on the growth of cells in cultures which are unable to lower the concentration of the inhibitor by excretion or metabolism may be more rewarding. The experiments described above, showing that methylglyoxal bis(guanylhydrazone) can completely prevent the synthesis ofspermidine from putrescine in rat liver and kidney, provide strong evidence that the putrescine-activated S-adenosyl-L-methionine decarboxylase that is inhibited by this compound in vitro is essential for spermidine synthesis in these tissues. The accumulation of putrescine in liver and kidney when spermidine formation is prevented in this manner suggests that spermidine synthesis is a major pathway for the metabolism of putrescine in these tissues. Although putrescine administered to rats by intraperitoneal injection is converted into polyamines to only a very small extent and a much greater amount is converted into CO2 and other unidentified compounds (Janne, 1967) there is probably a major difference between putrescine formed within the tissue and exogenous putrescine in this respect.
The total dose of [1,4-14C2] putrescine given in the present experiments to follow spermidine formation in vivo was 0.56,umol, but measurement of the total radioactivity present in the polyamines of liver and kidney showed that only a small amount of this material (less than 4%) was present in the tissue polyamines, in agreement with the results of Janne (1967) . The increase in the putrescine concentration produced by the inhibitor must therefore have been caused by the continued formation of putrescine by ornithine decarboxylase (Pegg, 1970) whilespermidine synthe.sis was inhibited.
Methylglyoxal bis(guanylhydrazone) could not have decreased the labelling of spermidine by decreasing the uptake of labelled putrescine by the tissues, since the total radioactivity present in putrescine, spermidine and spermine was not diminished in animals treated with the inhibitor. In fact, in animals given the inhibitor 16h before the labelled putrescine, the uptake of labelled putrescine was markedly greater than in controls in both liver and kidney. The explanation for this finding requires further studies of the metabolism of putrescine administered by intraperitoneal injection.
Finally, although some radioactivity was present in spermine after the administration of labelled putrescine 4 h before death, the amount of incorporation was small, and it is not possible from the results to determine the extent to which methylglyoxal bis-(guanylhydrazone) inhibited the incorporation of spermidine into spermine. Conversion of spermidine into spermine appeared to occur to a greater extent in kidney than in liver, in agreement with the finding that kidney contains twice as much spermine as spermidine whereas in liver the amount of spermidine was greater than that of spermine (Table 1) .
